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SYSTEM AND METHOD OF OPERATING A
VARIABLE SPEED HVAC SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s a nonprovisional patent appli-
cation, which claims priority to 62/239,716, filed Oct. 9,
2015, which 1s herein incorporated in 1ts entirety.

TECHNICAL FIELD OF THE DISCLOSED
EMBODIMENTS

The presently disclosed embodiments generally relate to
heating, ventilation, and air conditioning (HVAC) systems,
and more particularly, to a system and method for operating
a variable speed HVAC system.

BACKGROUND OF THE DISCLOSED
EMBODIMENTS

An increasing number of HVAC units are using variable
speed compressor technology to improve etliciency, com-
fort, and reliability. Vaniable speed systems typically work
by connecting a motor control drive to the compressor and
then connecting the line mput power from the utility to the
drive. The drive uses frequency modulation to adjust power
output of the compressor motor enabling it to speed up or
slow down according to the heating or cooling load 1n the
home. This ability to modulate compressor capacity enables
many of the advantages of variable speed technology 1nclud-
ing improved efliciency and comiort.

Generally, HVAC systems using variable speed compres-
sor technology require a system control capable of commu-
nicating the indoor air temperature and outdoor air tempera-
ture for controlling the compressor. Generally, the
communicating capability 1s a part of a proprietary protocol;
thus, increasing the number of components of the system
and increasing costs. There 1s therefore a need for a system
and method to control a variable speed compressor at
minimal costs.

SUMMARY OF THE DISCLOSED
EMBODIMENTS

In one aspect, a method for operating an HVAC system,
the HVAC system including a HVAC unit including a
variable speed HVAC component in communication with a
unit controller, an interface device in communication with
the unit controller, and a single-speed system controller in
communication with the nterface device. The method
includes operating the interface device to receive a first
conditioning signal from the system controller, operating the
interface device to determine a temperature differential,
operating the iterface device to transmit the temperature
differential to the unit controller, operating the unit control-
ler to transmit a speed signal to the variable speed HVAC
component based on the temperature differential, and oper-
ating the interface device to recerve a second conditioning
signal.

In an embodiment, the first conditioning signal includes at
least one of a heating on signal and a cooling on signal, and
the second conditioning signal comprises at least one of a
heating off signal and a cooling off signal. In an embodi-
ment, the temperature differential includes the difference
between a current space temperature and at least one set
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point estimate. In an embodiment, the at least one set point
estimate includes a heating set point estimate or a cooling set
point estimate.

In an embodiment, operating the unit controller to trans-
mit a speed signal to the vanable speed HVAC component
based on the temperature differential includes operating the
unmit controller to transmit a speed signal indicative of a
maximum heating operational speed if the current space
temperature 1s greater than the heating set point estimate and
i the first conditioning signal 1s a heating on signal; oper-
ating the unit controller to transmit a speed signal based on
the temperature differential 11 the current space temperature
1s less than or equal to the heating set point estimate and 1f
the first conditioning signal 1s a heating on signal; operating
the unit controller to transmit a speed signal indicative of a
maximum cooling operational speed 1f the current space
temperature 1s less than the cooling set point estimate and 1
the first conditioning signal 1s a cooling on signal; and
operating the unit controller to transmit a speed signal based
on the temperature diflerential 1f the current space tempera-
ture 1s greater than or equal to the cooling set point estimate
and 11 the first conditioning signal 1s a cooling on signal.

In an embodiment, operating the interface device to
receive a second conditioning signal further includes oper-
ating the interface device to update the heating set point
estimate to equal the current space temperature 1f the second
conditioning signal 1s a heating off signal, and operating the
interface device to update the cooling set point estimate to
equal the current space temperature 1f the second condition-
ing signal 1s a cooling off signal.

In one aspect, and HVAC system 1s provided. The HVAC
system includes an interface device including a processor
configured to receive a first conditioning signal, determine a
temperature differential when the first conditioning signal 1s
received, transmit the temperature differential, and receive a
second conditioning signal. The interface device further
includes a memory in communication with the processor,
and a temperature sensor 1n communication with the pro-
cessor, the temperature sensor configured to measure a
current space temperature.

In an embodiment, the temperature differential includes
the difference between the current space temperature and at
least one set point estimate. In an embodiment, the processor
1s Turther configured to update the heating set point estimate
to equal the current space temperature 1f the second condi-
tioning signal 1s a cooling ofl signal, and update the cooling
set point estimate to equal the current space temperature 11
the second conditioning signal 1s a cooling off signal.

In an embodiment, the HVAC system further includes an
HVAC unit in communication with the interface device. The
HVAC unit includes a unit controller, and a varnable speed
component 1n communication with the unit controller. In an
embodiment, the variable speed HVAC component 1includes
at least one of a compressor and an indoor fan.

The unit controller 1s configured to receive the first
conditioning signal and the temperature differential from the
interface device, operate the variable speed component at a
maximum heating operational speed 1f the current space
temperature 1s greater than the heating set point estimate,
and 1f the first conditioning signal 1s a heating on signal,
operate the variable speed component at an operational
speed based on the temperature differential 11 the current
space temperature 1s less than or equal to the heating set
point estimate, and 11 the first conditioning signal 1s a heating
on signal, operate the variable speed component at a maxi-
mum cooling operational speed 11 the current space tem-
perature 1s less than the cooling set point estimate, and if the
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first conditioning signal 1s a cooling on signal, and operate
the variable speed component at an operational speed based
on the temperature diflerential 1f the current space tempera-
ture 1s greater than or equal to the cooling set point estimate,
and 11 the first conditioning signal 1s a cooling on signal.

In an embodiment, the HVAC system further includes a
single-stage system controller 1n communication with the
interface device, wherein the single-stage system controller
1s configured to transmit the first conditioning signal and the
second conditioning signal. In an embodiment, the single-
stage system controller 1s 1 either a wired or wireless
communication with the interface device. In an embodiment,
the single-stage system controller includes a thermostat.

In one aspect, an interface device 1s provided. The inter-
face device 1ncludes a processor in communication with a
memory. The processor 1s configured to operate a program
stored 1n memory, the program configured to receive a first
conditioning signal, determine a temperature differential
when the first conditioning signal 1s received, transmit the
temperature differential; and receive a second conditioning,
signal. The interface device further includes a temperature
sensor in communication with the processor, the temperature
sensor configured to measure a current space temperature. In
an embodiment, the temperature diflerential includes a dii-
ference between the current space temperature and at least
one set point estimate stored 1n the memory. In an embodi-
ment, the at least one set point estimate includes a heating,
set point estimate or a cooling set point estimate.

In an embodiment, the program 1s further configured to
update the heating set point estimate to equal the current
space temperature 1f the second conditioning signal 1s a
heating ofl signal, and update the cooling set point estimate
to equal the current space temperature if the second condi-
tioming signal 1s a cooling off signal.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 illustrates a schematic diagram of a HVAC system
according to an embodiment of the present disclosure; and

FIG. 2 1illustrates a schematic flow diagram of a method
of controlling a vanable speed HVAC unit with a single-
speed thermostat according to one embodiment of the pres-
ent disclosure.

DETAILED DESCRIPTION OF TH.
DISCLOSED EMBODIMENTS

L1

For the purposes of promoting an understanding of the
principles of the present disclosure, reference will now be
made to the embodiments 1llustrated 1n the drawings, and
specific language will be used to describe the same. It will
nevertheless be understood that no limitation of the scope of
this disclosure 1s thereby intended.

FIG. 1 schematically illustrates an embodiment of an
HVAC system, generally indicated at 10. The HVAC system
10 1s configured to condition air within an 1nterior space. The
HVAC system 10 includes a single-speed system controller
12 1n communication with an interface device 14 in further
communication with an HVAC unit 16.

The single-speed system controller 12 1s configured to
transmit a plurality of on signals and off signals to heat or
cool the interior space based at least 1n part upon the air
temperature ol the interior space. In an embodiment, the
system controller 12 1s in wireless electrical communication
with the interface device 14. In another embodiment, the
system controller 12 1s 1n wired electrical communication

10

15

20

25

30

35

40

45

50

55

60

65

4

with the interface device 14. In an embodiment, the single-
speed system controller 12 includes a thermostat.

The interface device 14 may be located within the interior
space. The interface device 14 1s configured to receive the
plurality of on and off signals from the single-speed system
controller 12. The interface device 14 includes a processor
18 1n communication with a memory 20 and in further
communication with a temperature sensor 22. The tempera-
ture sensor 22 1s configured to measure a space temperature
within the interior space. In one embodiment, the interface
device 14 may be disposed 1n a location other than within the
interior space and the temperature sensor 22 may be dis-
posed 1n the interior space and 1n communication with the
interface device 14.

In the presently disclosed embodiments, the interface
device 14 uses knowledge of when the single-speed system
controller 12 1ssues on and off commands, as well as
knowledge of the space temperature within the interior space
as measured by the temperature sensor 22, to determine a
cooling set point estimate and a heating set point estimate.
The interface unit 14 uses the measured space temperature,
cooling set point estimate, and the heating set point estimate
to determine a temperature differential. The interface device
14 1s tasked with transmitting the temperature differential to
the variable speed HVAC unit 16; thus, allowing the variable
speed HVAC unit 16 to operate at the appropnate level,
according to 1ts pre-programmed methods of operation, to
achieve a set point temperature at which the user has set the
single-speed system controller 12, but the interface device
14 does not know what the set point 1s as, 1n one embodi-
ment, the single-speed system controller 12 communicates
simply an on/ofl signal to the interface device 14. In one
embodiment, the variable speed HVAC unit 16 is a standard
variable speed HVAC unit as well known 1n the art. In some
embodiments, such variable speed HVAC units achieve
variable speed operation by receiving an interior tempera-
ture from a communicating thermostat as 1s understood by
one of ordinary skill 1n the art.

The interface device 14 1s configured to operate the
temperature sensor 22 to measure a space temperature
within the interior space when an on signal and an off signal
are received from the single-speed system controller 12. The
processor 18 and memory 20 are configured to compare the
space temperature with the current heating set point estimate
or the current cooling set point estimate depending on the
mode of operation. If the space temperature does not equal
the heating set point estimate or the cooling set point
estimate, the processor 18 1s further configured to update the
heating set point estimate and the cooling set point estimate,
respectively. The processor 18 1s further configured to
transmit a the temperature differential of the space tempera-
ture and the heating set point estimate or the cooling set
point estimate (depending on the mode of operation) to
operate the variable speed HVAC unit 16 at an operational
speed determined by the vaniable speed HVAC unit 16. In
one embodiment, the interface device 14 1s coupled to the
indoor portion of a split system-type HVAC system. In
another embodiment, the mterface device 14 1s coupled to
the mdoor portion of a ductless split system or a variable
refrigerant flow HVAC system.

The HVAC unit 16 includes a unit controller 23 A or 23B
(heremaiter 23) 1n communication with a variable speed
HVAC component 24. The unit controller 23 is in further
communication with the interface device 14. In one embodi-
ment, the variable speed HVAC unit 16 1s a standard variable
speed HVAC unit as well known in the art. In some
embodiments, such variable speed HVAC units achieve




US 10,310,475 B2

S

variable speed operation by receiving an interior tempera-
ture from a communicating thermostat as 1s understood by
one of ordinary skill 1n the art.

In an embodiment, an HVAC unit 16 A includes a variable
speed compressor 24A. It will be appreciated that the
compressor 24 A may be disposed within an HVAC unit 16 A
including but not limited to a split system heat pump, air
conditioner, packaged unit, geothermal heat pump, etc. to
name a few non-limiting examples.

In another embodiment, an HVAC unit 16B includes a
variable speed indoor fan 24B. It will be appreciated that the
variable speed indoor fan 24B may be disposed within an
HVAC unit 16B including but not limited to a furnace and
a Tan coil to name a couple of non-limiting examples. The
variable speed HVAC component 24 1s configured to operate
at a plurality of speeds 1n a heating or cooling mode to
deliver erther a compressed refrigerant or deliver air to the
interior space.

FIG. 2 illustrates a method of operating the HVAC system
10, the method generally indicated at 100. The method 100

includes step 102 of operating the interface device 14 to
receive a first conditioning signal from the single-speed
system controller 12. In an embodiment, the first condition-
ing signal includes at least one of a heating on signal and a
cooling on signal.

The method 100 turther includes step 104 of operating the
interface device 14 to determine a temperature differential.
In an embodiment the temperature differential includes the
difference between a current space temperature within the
interior space and at least one set point estimate when the
first conditioning signal 1s received. In an embodiment, the
at least one set point estimate includes a heating set point
estimate or a cooling set point estimate.

The method 100 further includes step 106 of operating the
interface device 14 to transmit the temperature diflerential to
the unit controller 23A and/or 23B, and step 108 includes
operating the unit controller 23A and/or 23B to transmit a
speed signal to the variable speed HVAC component 24A
and/or 24B based on the temperature differential. In an
embodiment, for a cooling mode of operation, 1f a cooling on
signal 1s recerved from the single-speed system controller 12
and the current space temperature 1s less than the cooling set
point estimate, the interface device 14 will transmit the
temperature differential information indicative of a negative
temperature difference between the current space tempera-
ture and the cooling set point estimate. As such, the variable
HVAC component 24 will operate at a maximum cooling
operational speed. It will be appreciated that the temperature
differential may be reversed such that the variable speed
HVAC component 14 will operate at a maximum cooling
operational speed when a positive temperature diflerential 1s
received by determining whether the cooling set point
estimate 1s greater than the current space temperature.

If, on the other hand, the current space temperature 1s
greater than or equal to the cooling set point estimate, the
interface device 14 will transmit temperature diflerential
information indicative of a positive temperature difference
between the current space temperature and the cooling set
point estimate. As such, the variable speed HVAC compo-
nent 24 will operate at a speed based on the temperature
differential (in the case of an mnitial start up the variable
speed HVAC component 24 will operate at the lowest
default operational speed). It will be appreciated that the
temperature diflerential may be reversed such that the vari-
able speed HVAC component 14 will operate at a speed
based on the temperature diflerential when a negative tem-
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perature differential 1s received by determining whether the
cooling set pomnt estimate 1s less than the current space
temperature.

In an embodiment, for a heating mode of operation, 1if, a
heating on signal 1s received from the single-speed system
controller 12 and the current space temperature 1s greater
than the heating set point estimate, the interface device 14
will transmit temperature differential information indicative
of a positive temperature difference between the current
space temperature and the heating set point estimate. As
such, the vanable speed HVAC component 24 will operate
at a maximum heating operational speed. It will be appre-
ciated that the temperature differential may be reversed such
that the variable speed HVAC component 14 will operate at
a maximum heating operational speed when a negative
temperature diflerential 1s received by determining whether
the heating set point estimate 1s less than the current space
temperature.

I1, on the other hand, the current space temperature 1s less
than or equal to the heating set point estimate, the intertace
device 14 will transmit temperature differential information
indicative of negative temperature difference between the
current space temperature and the heating set point estimate.
As such, the variable speed HVAC component 24 will
operate at a speed based on the temperature diflerential (in
the case of an imitial start up the varniable speed HVAC
component 24 will operate at the highest default operational
speed). It will be appreciated that the temperature difieren-
tial may be reversed such that the variable speed HVAC
component 14 will operate at a speed based on the tempera-
ture differential when a positive temperature differential 1s
received by determining whether the heating set point esti-
mate 1s greater than the current space temperature.

The method 100 further includes step 110 of operating the
interface device 14 to receive a second conditioning signal
from the single-speed system controller 12. In an embodi-
ment, the second conditioning signal includes at least one of
a heating off signal and a cooling off signal.

The method 100 further includes step 112 of operating the
interface device 14 to update the at least one set point
estimate. In an embodiment, whenever the interface device
14 receives an “ofl” signal from the single-speed system
controller 12, the current space temperature 1s saved as the
cooling set point estimate (in a cooling mode of operation)
or the heating set point estimate (in a heating mode of
operation).

In an embodiment, for a cooling mode operation, 1f a
cooling on signal i1s received from the single-speed system
controller 12 and the current space temperature 1s less than
the cooling set point estimate, the interface device 14
updates the cooling set point estimate to equal the current
space temperature. In an embodiment, if a cooling off signal
1s received from the single-speed system controller 12 and
the current space temperature 1s greater than the cooling set
point estimate, the interface device 14 updates the cooling
set point estimate to equal the current space temperature.

In an embodiment, for a heating mode of operation, 1f a
heating on signal 1s received from the single-speed system
controller 12 and the current space temperature 1s greater
than the heating set point estimate, the interface device 14
updates the heating set point estimate to equal the current
space temperature. In an embodiment, if a heating on signal
1s recerved from the single-speed system controller 12 and
the current space temperature i1s less than the heating set
point estimate, the interface device 14 updates the heating
set point estimate to equal the current space temperature.
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In one example of a cooling operation, i under any
circumstance the space temperature within the interior space
1s above a desired single-speed system controller 12 set
point temperature, the single-speed system controller 12
sends a cooling on signal to operate the HVAC system 10 1n
a cooling mode.

The interface device 14 recerves the cooling on signal
from the single-speed system controller 12, and the interface
device 14 transmits the cooling on signal to the HVAC unait
16 A and/or 16B. When the cooling on signal 1s recerved, the
temperature sensor 22 measures the current space tempera-
ture within the interior space, and the processor 18 deter-
mines a temperature differential by comparing the current
space temperature within the interior space (e.g. 74° F.) to
the cooling set point estimate (e.g. 68° F.). The processor 18
transmits the temperature diflerential information (e.g. 74°
F.—68° F.=+6° F.) to the unit controller 23 1n order to operate
the variable speed component 24A and/or 24B based on
temperature differential information.

It will be appreciated that the temperature sensor 22 may
measure the current space temperature within the interior
space continuously or intermittently. It will also be appre-
ciated that the cooling set point estimate may be a factory
default setting, or initially established by the first cooling
mode operation according the method 100 as described
herein. In one embodiment, the cooling set point estimate
may be greater than or less than 68° F.

In this example, the mterface device 14 transmits the
positive temperature differential information to the unit
controller 23 to operate the variable speed HVAC compo-
nent 24 A and/or 24B at an appropriate speed based on the
positive temperature differential of +6° F. In an initial
start-up of the HVAC unit 16 A and/or 16B or if the HVAC
unit 16 A and/or 16B has not operated 1mn a cooling mode
within pre-determined amount of time, the variable speed
HVAC component 24A and/or 24B may operate at the
lowest default operational speed. The unit controller 23 may
increase the speed of the varniable speed HVAC component
24A and/or 24B based in part on the amount of time the
variable speed HVAC component 24A and/or 24B operates
at a particular speed.

Once the space temperature within the interior space 1s
equal to the controller set point temperature (71° F.), the
single-speed system controller 12 sends a cooling off signal
to (or removes the cooling on signal from) the interface
device 14. The interface device 14 further transmits the off
signal to the HVAC unit 16 A and/or 16B to cease operation
of the vaniable speed HVAC component 24A and/or 24B.
Since the current space temperature (71° F.) 1s greater than
the previous cooling set point estimate (68° F.) when the ofl
signal 1s received by the interface device 14, the processor
18 updates and the cooling set point estimate to equal the
current space temperature (1.e. 71° F.), and records it 1n
memory 20. The updated cooling set point estimate 1s used
in subsequent cooling operations.

To continue with another cooling cycle, 1t the single-
speed system controller 12 set point temperature 1s subse-
quently changed to 69° F., the temperature sensor 22 mea-
sures the current space temperature (1.e. 71° F.) when the
cooling on signal 1s recerved, and the processor 18 deter-
mines the diflerence between the current space temperature
and the cooling set point estimate (1.e. 71° F.). Since the
current space temperature 1s less than or equal to the cooling
set poimnt estimate, the interface device 14 transmits the
temperature differential information (1.e. 71° F.-71° F.=0°
F.) to the unit controller 23. The unit controller 23 operates

the variable speed HVAC component 24A and/or 24B at the
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maximum operational speed for cooling to reach the desired
temperature as quickly as possible because the interface
device 14 cannot discern the new desired controller set point
temperature.

Once the space temperature within the interior space 1s
equal to the controller 12 set point temperature (69° F.), the
single-speed system controller 12 sends a cooling ofl signal
(or removes the cooling on signal) to the interface device 14.
The mterface device 14 further transmits the off signal to the
HVAC unit 16A and/or 16B to cease operation of the
variable speed HVAC component 24A and/or 24B. The
interface device 14 updates the cooling set point estimate to
equal the current space temperature (1.e. 69° F.) when the off
signal 1s received. The updated cooling set point estimate 1s
used 1n subsequent cooling operations.

In one example of a heating operation, i1f under any
circumstance the space temperature 1s below a desired
single-speed controller 12 set point temperature, the single-
speed system controller 12 sends a heating on signal to
operate the HVAC system 10 1n a heating mode.

The interface device 14 receives the heating on signal
from the single-speed system controller 12, and the interface
device 14 transmits the heating on signal to the HVAC unait
16. When the heating on signal 1s received, the temperature
sensor 22 measures the current space temperature within the
interior space, and the processor 18 determines a tempera-
ture differential by comparing the current space temperature
within the interior space (e.g. 69° F.) to the heating set point
estimate (e.g. 77° F.). The processor 18 transmits the tem-
perature diflerential information (e.g. 69° F.-77° F.=-8° F.)
to the unit controller 23 1n order to operate the variable speed
component 24A and/or 24B based on the temperature dii-
ferential information. It will be appreciated that the heating
set point estimate may be a factory default setting, or
initially established by the first heating mode operation
according the method 100 as described herein.

In this example, the iterface device 14 transmits the
negative temperature differential information to the umit
controller 23 to operate the variable speed HVAC compo-
nent 24 A and/or 24B at an appropriate speed based on the
negative temperature differential of —8° F.

In an 1nitial start-up of the HVAC unit 16 A and/or 16B or
i the HVAC unit 16 A and/or 16B has not operated 1n a
heating mode within a predetermined amount of time, the
variable speed HVAC component 24A and/or 24B may
operate at the highest default operational speed. The unit
controller 23 may transmit speed signals to decrease the
speed of the variable speed HVAC component 24 based 1n
part on the amount of time the variable speed HVAC
component 24A and/or 24B operates at a particular speed.

Once the space temperature within the interior space 1s
equal to the controller set point temperature (72° F.), the
single-speed system controller 12 sends a heating ofl signal
to (or removes the heating on signal from) the interface
device 14. The interface device 14 further transmits the off
signal to the HVAC unit 16A and/or 16B to cease operation
of the vanable speed HVAC component 24A and/or 24B.
Since the current space temperature (72° F.) 1s less than the
previous heating set point estimate (77° F.) when the ofl
signal 1s received by the interface device 14, the processor
18 updates the heating set point estimate to equal the current
space temperature (1.e. 72° F.) and records 1t in memory 20.
The updated heating set point estimate 1s used 1n subsequent
heating operations.

To continue with another heating cycle, if the single-
system system controller 12 set point temperature 1s subse-
quently changed to 74° F., the temperature sensor 22 mea-
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sures the current space temperature (1.e. 72° F.) when the
heating on signal 1s received, and the processor 18 deter-
mines 1 the difference between the current space tempera-
ture and the heating set point estimate (e.g. 72° F.). Since the
current space temperature 1s greater than or equal to the
heating set point estimate, the interface device 14 transmits
the temperature differential mmformation (1.e. 72° F.-72°
F.=0° F.) to the unit controller 23. The unit controller 23
operates the variable speed HVAC component 24 A and/or
24B at the maximum operational speed for heating to reach
the desired temperature as quickly as possible because the
interface device 14 cannot discern the new desired controller
set point temperature.

Once the space temperature within the interior space 1s
equal to the controller 12 set point temperature (74° F.), the
single-speed system controller 12 sends a heating ofl signal
(or removes the heating on signal) to the mterface device 14.
The mterface device 14 further transmits the off signal to the
HVAC unit 16A and/or 16B to cease operation of the
variable speed HVAC component 24A and/or 24B. The
interface device 14 updates the heating set point estimate to
equal the current space temperature (1.¢. 74° F.) when the off
signal 1s recerved. The updated heating set point estimate 1s
used 1n subsequent heating operations.

It will therefore be appreciated that the present embodi-
ments includes a system and method of operating an HVAC
unit 16 A and/or 16B including a vanable speed compressor
24 A and/or 24B with a single-speed system controller 12 by
using an interface device 14 that estimates the current set
point of the single-speed system controller 12 based upon
the sensed temperature of the interior space when condi-
tioming signals are received from the single-speed system
controller 12.

While the mvention has been illustrated and described in
detail 1n the drawings and foregoing description, the same 1s
to be considered as 1illustrative and not restrictive in char-
acter, 1t being understood that only certain embodiments
have been shown and described and that all changes and
modifications that come within the spirit of the invention are
desired to be protected.

What 1s claimed 1s:

1. A method for operating an HVAC system, the HVAC
system including a HVAC unit including a variable speed
HVAC component in communication with a unit controller,
an interface device 1n communication with the unit control-
ler, and a single-speed system controller in communication
with the interface device, the method comprising:

(a) operating the interface device to recerve a first con-

ditioning signal from the single-speed system control-
ler, wherein the single-speed system controller 1s con-
figured to receive a user selected set point temperature
from a user and to transmit the first conditioning signal
from the single-speed system controller to the interface
device, wherein the first conditioming signal that 1s
transmitted from the single-speed system controller to
the interface device does not include the user selected
set point temperature;

(b) operating the interface device to determine a tempera-
ture differential;

(c) operating the interface device to transmit the tempera-
ture differential to the unit controller:

(d) operating the unit controller to transmit a speed signal
to the variable speed HVAC component based on the
temperature differential; and

(e) operating the interface device to receive a second
conditioning signal from the single-speed system con-
troller.

10

15

20

25

30

35

40

45

50

55

60

65

10

2. The method of claim 1, wherein the first conditioning,
signal comprises at least one of a heating on signal and a
cooling on signal, and the second conditioning signal com-
prises at least one of a heating off signal and a cooling ofl
signal, wherein the first conditioning signal and the second
conditioning signal do not include the user selected set point
temperature.

3. The method of claim 2, wherein the temperature
differential comprises the diflerence between a current space
temperature and at least one set point estimate.

4. The method of claam 3, wherein the at least one set
point estimate comprises a heating set point estimate or a
cooling set point estimate.

5. The method of claim 4, wherein step (d) comprises:

(1) if the first conditioning signal 1s a heating on signal,
operating the unit controller to transmit a speed signal
indicative ol a maximum heating operational speed 1f
the current space temperature 1s greater than the heating
set point estimate;

(1) 11 the first conditioning signal 1s a heating on signal,
operating the unit controller to transmit a speed signal
based on the temperature differential 1f the current
space temperature 1s less than or equal to the heating set
point estimate;

(111) 11 the first conditioning signal 1s a cooling on signal,
operating the unit controller to transmit a speed signal
indicative of a maximum cooling operational speed 1f
the current space temperature 1s less than the cooling
set point estimate; and

(1v) 1f the first conditioning signal 1s a cooling on signal,
operating the unit controller to transmit a speed signal
based on the temperature differential 1f the current
space temperature 1s greater than or equal to the cooling,
set point estimate.

6. The method of claam 35, wheremn step (e) further

COmprises:

(1) operating the mterface device to update the heating set
point estimate to equal the current space temperature 1
the second conditioming signal 1s a heating off signal;
and

(1) operating the iterface device to update the cooling set
point estimate to equal the current space temperature 1
the second conditioning signal 1s a cooling ofl signal.

7. An HVAC system comprising;

a single speed-system controller;

an interface device in communication with the single
speed-system controller, the interface device compris-
ng:

a Processor;

a memory i communication with the processor; and

a temperature sensor 1 communication with the pro-
cessor, the temperature sensor configured to measure
a current space temperature:

wherein the processor 1s configured to

(a) recerve a first conditioning signal from the single-
speed system controller, wherein the single-speed
system controller 1s configured to receive a user
selected set point temperature from a user and to
transmuit the first conditioning signal from the single-
speed system controller to the interface device,
wherein the first conditioning signal that 1s transmuit-
ted from the single-speed system controller to the
interface device does not include the user selected set
point temperature;

(b) determine a temperature diflerential when the first
conditioning signal 1s received;

(c) transmit the temperature differential; and
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(d) receive a second conditioning signal from the
single-speed system controller.

8. The HVAC system of claim 7, wherein the temperature
differential comprises the difference between the current
space temperature and at least one set point estimate.

9. The HVAC system of claim 8, wherein the at least one
set point estimate comprises a heating set point estimate or
a cooling set point estimate.

10. The HVAC system of claim 9, wherein the processor
1s further configured to:

(1) update the heating set point estimate to equal the
current space temperature if the second conditioning
signal 1s a cooling ofl signal; and

(11) update the cooling set point estimate to equal the
current space temperature if the second conditioning
signal 1s a cooling ofl signal.

11. The HVAC system of claim 9, further comprising an
HVAC unit in communication with the interface device, the
HVAC unit comprising:

a unit controller; and

a variable speed component in communication with the
unit controller;

wherein the unit controller 1s configured to:

(a) recerve the first conditioming signal and the tem-
perature differential from the interface device;

(b) operate the variable speed component at a maxi-
mum heating operational speed if the current space
temperature 1s greater than the heating set point
estimate, and 1f the first conditioning signal 1s a
heating on signal;

(c) operate the variable speed component at an opera-
tional speed based on the temperature differential if

the current space temperature 1s less than or equal to
the heating set point estimate, and 11 the first condi-
tioning signal 1s a heating on signal;

(d) operate the variable speed component at a maxi-
mum cooling operational speed 11 the current space
temperature 1s less than the cooling set point esti-
mate, and 1f the first conditioning signal 1s a cooling
on signal; and

() operate the varniable speed component at an opera-
tional speed based on the temperature diflerential 1f
the current space temperature 1s greater than or equal
to the cooling set point estimate, and if the first
conditioning signal 1s a cooling on signal.

12. The HVAC system of claim 11, wherein the variable
speed HVAC component comprises at least one of a com-
pressor and an indoor fan.
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13. The HVAC system on claim 7, wherein the single-
speed system controller 1s further configured to transmit the
second conditioning signal.

14. The HVAC system of claim 13, wherein the single-
speed system controller 1s 1n either a wired or wireless
communication with the interface device.

15. The HVAC system of claim 13, wherein the single-
speed system controller comprises a thermostat.

16. An interface device comprising:

a Processor;

a memory 1in communication with the processor; and

a temperature sensor 1 commumnication with the proces-
sor, the temperature sensor configured to measure a
current space temperature:

wherein the processor 1s configured to operate a program
stored 1n memory, the program configured to:

(a) receive a first conditioning signal from a single-
speed system controller, wherein the single-speed
system controller 1s configured to receive a user
selected set point temperature from a user and to
transmuit the first conditioning signal from the single-
speed system controller to the interface device,
wherein the first conditioning signal that 1s transmuit-
ted from the single-speed system controller to the
intertace device does not include the user selected set
point temperature;

(b) determine a temperature diflerential when the first
conditioning signal 1s received;

(c) transmit the temperature differential; and

(d) receive a second conditioning signal from the
single-speed system controller.

17. The interface device of claim 16, wherein the tem-
perature differential comprises a difference between the
current space temperature and at least one set point estimate
stored 1n the memory.

18. The interface device of claim 17, wherein the at least
one set point estimate comprises a heating set point estimate
or a cooling set point estimate.

19. The interface device of claim 18, wherein the program
1s Turther configured to:

(1) update the heating set point estimate to equal the
current space temperature if the second conditioning
signal 1s a heating ofl signal; and

(11) update the cooling set point estimate to equal the
current space temperature if the second conditioning
signal 1s a cooling ofl signal.
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